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(54) Title: TAPERED MULTILAYER LUMIN AIRE DEVICES 




(57) Abstract 

An optical device (10) for collecting light and selectively outputting or c on ce n tr atin g (he light. A wedge layer (12) has an optical 
index of refraction nl, and top (14), bottom (16) and side surfaces (18) intersecting to define an angle of ± a back surface 

20 spans the top (14) bottom (16) and side surface (18). A first layer is coupled to the bottom surface (16) of the layer (28) and has an 
index of retraction o£ The first layer (28) index n2 causes light input (22) through the back surface (20) of the layer to be preferentially 
output in the first layer. A second layer (30) is coupled to the bottom of (16) of the first layer (28) and selectively cases output of fight 
into ambient. Additional layers, such as an air gap 01), can be provided adjacent to die wedge shaped layer. The wedge shaped layer can 
also have a variable index of refraction a (x, y, z). 
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B. R. = tii73*lJt/3k;JISfJg 
aHMd\ B. R. = BBHI!«tt/:£fii# 

B. R. = [1- (n2/n3) 2 ] 1/ 2 =0. 4-0. 6 5 (*gfl#<D& 

m?Ltf* 9i-r/g1 2 1*7-7 '^UT'fey (nj=1. 4 9) . H ©12 8 
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I±7;M-OtKU V— (r>2=1. 28-1. 43). VOU-^U (r>2=1- 0 5 
-1. 3 5) . Z7vitVH& (n2= 1- 38-1. 43) #IM* v U a — 
^(DtKU V— XI*J$**W (n2=1- 4-1. 45) T*& U . 31 2 <7)Jf 3 O liTf? 
'J*— t|?*— h (n3=1. 59) . tK'JX^U> (n 3 =1. 59) . XtK^V 
( n3 =1. 5-1. 5 5) XI*T^ 'J;U (03= 1 . 4 9 ) O tS.3LT—( > 

^J^lig|2 B&1/H2 ClZ^-T^^-v hmX.\t1&m7TlZV h®3 4li, 
Wtii*0^lPl$^M-r-S«!:<h tic. ftg7^^ l J>^M (0"J*.l£. gl4D£ 
#BB£;K7rt^o ) lcJ:ym2(Dll3 OlC^^ft&ifcA © (DSJg^^Klfll- 
{SOcfc^lC. Al*#2 4<7>it^;frft£l£M^T*fc£o 0"Jx.l£. g|2L|C7F-r» 
£Ll^Hffi50)M-ei*. -?T-b v h!3 4liai^3fe^*m$1±^>ct &glc 

S3 4li£x^ U->A<KBB^$*t^^ffi^M^-^){gm^<Dtli?MllE4 5££fi£ 

-r-5>cfc5ic. iti.miz&'oTmtezm&yj'-tzv hS£=fcL-ci>£ (m^.n. m4 
mt ttiz&m^mtife&miji&WA- 7<Dmx-&>& 0 m3 Ajsnsm3 bizmiz^ 

-T«fc 5fC ;lfi77-b^ H3 6 4,A3*#2 4 (Diifr^ia] 3 377"tz^ 

h(D;tffllC«i:y. ^ffi]^M^*L-5^2 9(7>^di^<75^i?E®ffl^^-r^> (HI 2 D 

HI3 B£#BB£*lfc^„ ) 0 ^-rtKDli^r-t. ^l*mH(DftJtttS^®HI-t>/c 
•fey K3 6(D7U-f lim 1 0>Jf 2 8fr£0>¥fT3fc2 5 (DAlt^^^^M^ & C t 

<D«fc5ic 1 -r>^^fcy^3 00-50 o^<7)^xi*^7-t^ h(DFaipa-9--r o 

JU£0. 002 — 0. 003^^ (O. 05 1~0. 07 6mm) \Z.WR~t ^k> 
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1fo20<<>T (5 1 cm) lUMi-e-ftJsLL-e&So 

SiJ(D^W^7T-tr^ Mtm<DMlzlt^ tkfyi&Vt (Parabolic) % *£R# (Ell 
iptical) % SRffitfc (Hyperbolic) % RJ&tt (Circular) „ (Exponential 
) . £JSi£tK (Polynominal) , f>ftW*ft (Polygonal) C*t «=><£> *§^t»-A^ 

wiJi4A~|4C, i4FS^H4GIC^f 0 D 4 C&tfU 4 E liftl&M*? 
T-\LV hfitff'f^a- «f - iU>>h4 0£:&-f &'J:7^<7££{$fflL/■::i§B• 
<£>ffI£:# ; ?^^£^F-r (g|2 ClcfclxTfiS^T^-T) „ ^;SU14H&iii;b£ : &fitf>SJt© 
ffl (U4 A~IU4C#HB) (colxTiF-f £ £4,1::. m^^iJtttim^l ^#IJ^I^ 

(t^X^H- • X>v?-T'J>^±(7>^#) H<7)rtTSR3feaSIC 
fclt^5.t|i(D||;Iij^tb^i:hkS£L/co £f 3= L L^/^fGHJIiisAlifn" 0 n\. n 2 S. 

tuR&mmtkmzmfc-f^K mMy$mxtb& 0 ^<D&w.teffiiZLtz£?izm& 

7T-tzv h3 6 0)ffii^^l|2M|cjF-rj:-5l^ilSSi6*)lc^M-r'5Ci:lcj:o-CII^ 
£*t&o BiJieL/cHlSf.lS^B (Vertical viewing angular range) (Dftmizjju 
7K¥*!S^Sl (Horizontal viewing range) <Dg.]g.l£f%&7 7-tz y H 3 60) 

w>tk<j>mv)tzWM\z& uibrl?**. ®4a~B4 i ic^-rMiBo^^^ii^ 

11 0^fflLt7C^2 4$f|Pf NA= ( nl 2. n2 2) 1/2<7)®ffl^|cfct,Nr 

miz* @9 A&i/njg Bitn&mv&m?*- ijxztitzmmth* aightiy 

overlapping focused illumination output) Jklf'g.izl&l^fex l — td 
* £ ttfcffgBflfcii^J (Less overlapping focused illumination output) 
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• a>t°i — ^ • 7*0 U — >8 7lZt$liZ>&1$<Dm3£M "D" rf><5 OOmmtfc 
^-^T'. ^3>t°ZL — -S» • 'J — >8 7<7>gfi«£ "V" *<&J1 5 0mmT? 

/7ij->8 7<&M*'fr^stf£S*£Lt0>s§si "d" iz&m.?z>m&mit*<7 

•J->8 7(DlIgP|-*5l>-Ctt;l'J*tlfc-8. 5g^b, U->8 7 (DfeWz 

tz vXfA^ffflt L < &^§£ff S&tf-To 8 7 0>|S5££ 

(Dmrnzftm^-z (H9a#pj 0 x^u— >s 7 (d^c,^ tfs§itti~ 

minal i I I umi nation angle) mTCHgM£ ^^^11^7 7 
■fey H~fclf&;JW£KfcL N T± 2 OJtT?fcofri§^ ^"SJll.lft liHI 9 A IZtf"^*— 

'J 

— >8 7<D* ( Cx<7}»]lCfclt£ 12~2 Oj£(DiSH0>P^|±fS*jl#|C<t oT^iS 
mf$.i-&¥-m<Dlmmz>$LX7=7V H • 7 7 -fey h® (Flat facet surfaces) 

#35. 6-33. 3 &<Dmmx'&it-r z>i)K ^tzizmtibmizttLxw-ftttez 

£5\Z7l"tiV hO)ffiMtf&mtf}\Z\a\M£1xZ>o 70<)->8 9 (H9B#BB) 

zt— tP8 3l|<h(D^#A < MlcoIfig-r'&<5o Ml=> 77>v h • :77-tz*v K® 1 6 

s x /7 .j_> 8 9±<DMte&&wiztii^xft&(Dft&ftfi&®mzi±&mt>it. 
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Ll^bClli. ZfT^V h(D 1 -DVL±<Dnm<D£.it. Z> 7 -fe y h- 3 8 (0mm<DU 
it. &lSlZ&77-b.V r- 3 8<D7%m%.lfmO)&it<D5-tE><Dl^-?tLfr 1 

• ^'JXAOTU-f (Array of micro-prisms) £&3fetf)fi£ifcAy ^-f K 1 O 
1 ilClHSRTHgT-fe^ (i1 8A#iB) „ ^<T>z?7-\zv h®3 4 "Cli. 

*&*H**<m*&*lTt**. w©«JKI5HI477'-fe-> hftJtl=«[#Lr^4. 
y;u • ^ ;ua (n = 1 . 4 9) 0>i§^ s -SSWlza^jgfig o~ 1 o ojt<o 
*ft*fi**fc^'JXA(Dfi6ffll=J:y|giH$*i-5. fit. ZftUlJ: y Sft± 3 5 j£ 

("Curtaining" effect) H*— f- < 0>fg#i#£;ISl 

•a-*. ^<D$mitz>*- *v>m^ist^< h38^ y-> 

(OHg|J^bJtgP*r'lH]ib$a-^C<!:lzJ:oTafeS?n'S» (HI1 8B#HB) „ ffij* 
ft3te»5&»lcj:y, 10 0-1 1 Ogtf)3SSl::*tLT. ^^ef£lfloJi!,^tt/c^ 

HJ1 SlZ^r^ifctfiJT'li. ^Tiz-y KSfO^gCDil^M^^bli^T-tr^ K3 4 

"So 

^1 = 35° - (O. 1 33° /mm) ■ x 
^2=3 5° + (O. 1 3 3° /mm) • x 

->8 9£fff^oTiftl Og^bf-5 <»:<»: 4, lz s ifflie(DHttMfc#]lfo£;Sfc-r. 

77tZ^K®3 4 (U2D#SB) ltf&B&tzltte<D7^JXbQj:m<D'&%;<DZf 
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A (z) =Ao~C • z < 1 ) 

Ao=S^^x ^vJl (BT2"A#!H) 

C = =1 >X£ > h = t a n 0 
L<l*3 6. ^fcJittiiCJ 3 3 (B2E#1) ^$^LTSI*l=ai* L 

U> > KliRS^^JKfc^^^^ hiti*)**^ (Lambertian output distributions 

) *ffi\Ti^z>ztfrz>. z<D'AJfHiftizw^-e&$> 0 mwummtLxitmm 
=Ftitfc5A ( z ) cos (0 C ) j&<$tif&*u mm^&MteAQLQtizig 
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Lo7a ! + M,yr J = 1 




(2) 



Z(Dm-£. dP/dL=3>^>h. [1 -l_2/o-2] 1/2±:£:£ o L ^ U 
dA/dz= [Ao/L c ] dLo/dZi^ dZT% L c =cos0 c "Ufe^ 
o ISor, [1- (L C A) 2/Aoo") 2] 1/2 d a = zi>x£> He d z^iC 
7^fiS<i:^-5 0 »$LL^]6£0i|lcfc^ra=L c r*fco/r < b-r^ o C<7>*g^liA/ 
A 0 =s i n uO>ftAI::J; y«»!**i#* 0 ftoT. A = A 0 s i n uMu + 
1/2s i n (2u) = (7T/2) (1-z/D) rfey % Dli^x *ji>M 1 2 



dA (z) /dz= -dP/d z (AoX [ 1 - (n 2 /ns) 2 ] ,/2 ) 

d P/dL, 



(3) 



CCfC^-r^TCDii^lzfc^-C. iiitlftlfHZ? [s*)l,&m (Fresnel reflect 
ions) (z^oT^M^^tT^^o ^(Dtztb. th*ft1fHtte&pfTMmm£&? Z> 

. nNlix, y-r>^-7x-X*««Iorlt}#$^lTl^. «6oT, niMi = 
r>2M2, niNi = n2M2<t^f^) 0 x. z ®^0)A#mJgfis i n 0 e f f = N / ( L 
2_ N 2) 1/2r;:«|:o-C#*. 5fclv<?, 8(riB<Z)Baff^P» s i n 0 2 eff/S i 

"01eff= (ni/n 2 ) 1/2/ [ 1 _ ( n1 /r»2) 2 Mj2] 1/2= ( 

n 1 /n 2) eff£#*. 01*. tf, ni=1. 49. n2=1. 35St/Mi = 0. 5 
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(Dm-s. *ra&js#wtii 1 . 035 (ni/n2) tu i ). mmvrMttitm^<om 

t— /^tt^-f htf-f K^-flftM^-y— X-eii. Ox^vJil 2 <Dg£ lizzie 
»-3t8i;ttey, H-!?i7y@l 2(DJ?£l±x$flil::jGoTStfTl^ (02A 

tf&ffli&mt£bl^<t?&Rtt&X*&&ifc¥tto?5ft& 1 & (nL. nM. nM) 
J3#t¥£WU ^OiflA (z) =A 0-C ■ z kktlZzlZ : ,Q'3TW.&ftl~Ulf 

ZT-'^ffixxi^o l (z) a (z) itmm^umz&^xmz-mam. 

fri§^ (Ao-C- z) L (z) [*L 0 Ao£l3:[3:(5j-<*:&:&o ^liL=co 

[-,_ ( n2 / n1 ) 2] 1/2 T -fc£ 0 Z0>*S£* 'tJi'VvJJf 1 2frP>aiatir&fctf> 
O^liAo-C- z = LoAo/cos0 c i:^^o ZtLl*z= (Ao/C) (1 
-L()/cos9 c ) |Cfcl*T£C&o ftoT. z 3 ^Sli^M^ ft 

l (z) o)fi^:fiiiiii^L. z(D^-5^ilcfct^rflj^ai-r^)/•-^(75eg^fill-^L^# 

-So BiaKO/iAOzfillia^ (n) ZfaZ?4-)l,<Ds$m\Ztfi&LX^$>o CCD 
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Wfom.Wg\%?u? 4 — ;u (Parabolic index profile) 0)i§^ Mtirmzf 
U7 4—)l,lt-p<XplZtel\Xn2 (x) = n 2 Q [1-2A (x/p) 2] 

A£i#;t, x | >plzfclN-C=n 1 2= n 2 0 [ i — 2 A] £<t*.3„ 

LT. x=Olcfelt^Bg^Jg(i^<!:Lrs i n20 c=2 A=1 - (n|/n 0 
) 2 lz<i:oT-^^t,^TU^„ Z<Dti>^< Vtm'pTtZM&T'fo&noZttZm 

Oc^sK^t"*— ^Tr. x = 0\z felt ££jia0li0 n L d x (7)Bt!8R^14Ic 

) A<z 

m*/cii#iij-^x^v) c:A3*£-feH#& 0 fit, CCfC^-r/gl3I£[Hlt$(zig 

Xs mmmi*my}umm&mmTt<<< (x. y> 2 > iz^xm^M^tz^tt 

<< K4 6lzSo*LNTi$i$-r^„ Rffiftftgai (Cylindrical pol ar coordinates 
) KfcrtS:5|S]£&(£k r . kg. k z "Cfc^ 0 tfj K 4 6 |*J 4 - 

0 n k z d z ~=i>X£ > K (KJ&^&tt) (4) 
nrk 0 =3>X^>h (5) 

#ofcil£lc¥fr<!:&>i>o C^iliS^Mlz^x-vv^Si 0<»:|5]-a)£M£ 
£M-f&„ fit, 7cli4 8liil^^^f-^^r'®5 1±fCASfLfc»l::5tei* 
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5 2 t Lt z ?5fa\Z}QiX¥-?tlZ}iimTt&o 

<D&oUZ>** h'JI-fcl^T. 5t^4 81*5 B-5 B^I^;tiofc2^5nCD$SST® 
iCjGoTiiiJfB^i^v^Sl OCDii^t^rc-fE^^tL'&o 91(7)15 

mmm<om^mctz±nm. (fun angle) rticfcLNrm^i=ttii*-r^<, 

frfM tf>Jf 6 1 $tLtl^o ^ 1 £>Jf 6 1 tt. 1 O(DAItft£0£ff2 

f$-T^.<SLMZl|X^-r^ll®6 2&tfJS®6 4^Lt^lio H®16 

8 1 £TI®6 2lcBm£LT3f LTl^6o 166, 8 1 <D => ibCD'PU < t 4, 1 Oli 
£MU ^m^<D^X7!)^m^^fr^ : ^»>^fcliilBJI§mi4^ : A'^3f (Transp 

arent dielectric gap) "Cfo <> 

£l®l£ft*(7)^l££ffll>TM-e£<5o flu*.!** /i£3§*Jlc<fcoT£frf 
5fcttSB-9-#-h (H*B§) ^^ffl-Ti)^, *fzl*X^-^6 8^mi(D®6 1 
StfPmt f <5?tii4T^fSl^MJi 7 0 (DPdllciiES-f -5 & «t* LT^Rs££ft2fifc"C £ 6 . 
|H]til^ X^— -9- 6 8 £!g 1 CDJf 6 1 2 (flifcitfr^iai^MJl 8 2 <7>RSJlzE 

it'#^„ z*nrftjtrs lei, s 1 <B##»£awR«(*fc L 

o @ffm*4tf>#l]lCli, V\>U-y;U (n 2 =1- 05-1. 35). 
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(n2=1. 28-1. 43). 7yitfai& (n2=1. 38-1. 43). Ml/ 
|Cv'J:3>£/<— Xt Lfcz-KUT— &mt^J (n 2 = 1 . 40-1. 45) 0 

me 6. 8 i limi CDS6 1 ^^AltLfc^co^^^-r^o CCDHJfcflJ 
izts^x. ^c7>-gpiin®6 2iz#LTg#jic0 c £Me-f & 0 fit, **sl 

i*#iifT*ifiiM»8 2ic e fc-sM^^^^H]^-r'<</i8 1 p^icaw-t^o & 

oT. »y £>3fc*£fiJS® 6 4 izftL TS#J fc0 c £ff2fi£L % 'X^VjiMfTjjfag. 

*#§B.Sa>*T£LU/g*$-ei*, Jf 6 6. 8 1 <Dffi?jtfft&-? %> 0 Jf 6 6 . 8 11* 
C;ft£(Djg^£tel^jg#fipA<-f — X6 2, 6 4[::fcl^TEgJ , jL^£J&j& 

I a r c S i n ( n 2a/ n j ) — arc Sin (n 2b/ n|) I < 6 0 ( 6 ) 

8 2icfcit«53eft-5«i3a«jfi-r'<<Ji6 6. 8 1 fl>-t*t-e*n=Ai*-r 

l^©77^->3 >fi2oa>ja#f^n2a. n 2b^ ^ ^^i^^^Tj ^ ^^"-S^WJc A 
Iff 3feiifT^6lS05Jl7 OliJf 6 6t*UzAmi-Z>7=?<7is3 % ^<Dft$9&mT 

mmm n 2a&tf ®8t¥ n 2b<&raa>ii8«£&«: a? -a-* z t tc j: y ^m-c # -5 . 

*S6IJfl©»l<D#SLl*»«T?te» JS66, 8 1 liJSSr^n2<ni$fit^./i:f^- 
<7>iSW#m?fcy^&o ~^6<JlC % n2T?a$*Lfc«L^05tttt. jfe Alt® 6 5 

iztii+z>mom£tgim£-&zztiz£t>)&wti ooumznfr&o sfot, me 

6. 8 1 tfffiftf: tzltmO) ti* (n 2 = 1 ~ 1 . 0 1 !;J:ot3t 
***lfc^r*?^T?fc*ii*lc$||a* (Collection efficiency) ^SXlcr^ 

o 
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166, 8 1 <7>J?£I*3£S1 CKDihfi&fflWfi&mMTrZfr* **=i*«jstwi9 
-14^iS«)^'<<^M^^SA<oIflgr*fe^o Mx-l£* 11 8(D»$^0. oo 

2~0. 003-f>f (I^IO. 05~0. O 8mm) miiUt?1± & Z £IZ& y % ^ 
11 0(D)lL^(7)JaB^|Cfg^L^L^^-14^Si<^>^#^ 6 166, 8 10) 

£tH#& cm 1 2 L#BS) o 

7 1 £WLTl^£ 0 J5lt®7 1 I43tt»£»6 6aijP*1<DJi6 1 £:frLT£l*-r 
£„ &t*l41IBB6 2£ttLTgM <©»6 1 W^XI****, fit, 

7 1 li^F^'tfiEJSlt'J ~? \s1 $ (Planar specular reflector) „ gB#fi<J^L< 
l*5£:£&fi£ife'J y 1*9 $ (Partially or completely diffuse reflector) , R 
(/7 7 f;h- l )?ls<7* (Faceted reflector) (O^WWl^y 

aitT^lRiaSHW 8 2 O^+F-r > £mBSlbT* # ttffc 'J ^ * * fc 1*7 ^ -tz v 
V ■ 'J7l/^^li»MM (IH4HSt^gl4 I #88) £H3Ef|-f 6Av £fc 
1**9— tt (H4N#RR) ^5'<<I7 llc^ffl-C^-So Braoftt^t^* 
£fc "* (Tails)" (114 **rr**^ St'J7^$(7)W<5ft 

Lt^o 77t'/h- 'J 7 U7 ^ lil 8 1 rtCfc^t 2lHf^^tftS^^i^ 
T*££ (i4H#i) o ftoT. mMCOm^^^^^lI^r-fe^li^. 77 

nm.wv\tmw£Wfr b^^tg <DM<r>m<D^ ? £ 2 Hff2£&-f ^ - £ 

Jf 7 1 (J)§77t^ r-l43tiitr7JfSj^M®8 2 !::<*: £M&£*a3I£ 
S^ftf* fettle 16 6 TSlX$1£> 1 (DJU 6 1 £SoT£ltLTMoT£fc7fc*£tf>£ 
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mm8 2frt>mm^iiiJ3£tiz>ft®(Dn&ftifiiz&w$JSL&-f 0 mxi*. mm? 
mz>o mmomti^^mm^K &mmi -i^stm. iEstttt (specuiarit 

L 

T(DJs.Mmi 1 > h<7>£jIB (i1 2L#I) iCfclf-S/jN^^^-fbli^ 

f®STl6 6&u:i 1 (7)® 6 1 £iii&LTi£Stt£;h.6 0 Jf 8 2 (DiUBfUgXtev 
SA<«|/7lc^M^n^o m6 A\zijkirj:5lz x *§£BJ}(Dtif£Ll^-mmmmizt$ 

i*x % 7tiii^fai^M/i 8 2iitejg#rJi8 i tcD^ic^-tz-;/ hs^^Lro^ 

J18 2lcAlt-r^jrtli % ^r-try K®8 5lzfclt-sm 1 (D^T-tr-y K 8 4I~ 
&-Dxmtir£ti&o fit, ^OtttitztT-tev h®8 5lzfclt'5>m2(D3'T-tr^ 

^ft^M/lS 2li3M*±<7)jgMlT'fc£ "mBttfty-f OUT. TRAF 

^-T^) -CfcoT^cJX. Z<Z>m&lt3MnfrZ>j*iMB i )lzffiAV£Z 0 ZCDJR 

AFitmtiTftmzEL. ±x<Dftm 9 otM$t, -j&m&lcd 

(fl&S&^-f K^glCJSLTU^o ^fl)TRA F<DSA^^IifcJ:^2 1 

y> -£cDSgli{5g#T/f 8 1 \zAM?%i}i7 5<»ELmPi£XZ<?&\z\*1z'Atj. 

&Ltzmtirmffij5i.if±[*immvTizj:-z>x. i&mmma 1 icAttL/r^bic^Ko 

#7 5(7)atfT;5[S]£M-r& 0 1 OXIij^^CD ? 7 -tZ «V h 8 4 , 8 6(7)^®!*. 
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m2Miz7ji^-mm<Dmmiz^x. sit^T-tr^ hma>jim^mLxm^tsH 

^mt&OBBlt. 112E (114 0) , g| 1 2 G (1152)', g| 1 2 H (Jf 
166) , g)12K (11186) % 012N (12 10) , 11 20 (1228 
) „ 112P (1246) [Ztjz^HXI^^o 

*mnM(D%\<D$miztel^x % 16 6X^18 111 ■Zrti^tifr'ffrlzMfe&M 

mmn2Mn2' ^tLtl^So mi (DMRlSZ-OfDme 6, 8 1 (DfflOiM&W 
| arcsin(n2' /ni)-arcsin(n2/ni) |<0 (7) 

ui^PiacDite^ji 6 6. 8 1 icAirr &o 

ffittflMOIiffi^-f 7a- 9\ A(*T-f 7a- tf\ Xli'>fc < £ t 1 Otf>PmSP 

T-fc&o mb©i40, 8 3i*&cDi$-t±£ra]±£-fe!\ rt-SB^S^tt^Jfc 

^tfcA^L^.*: tic. ¥*Tfc*l~<fcoTBB|*£*t£l5S. J:ytJi^^ai*^73'V K 
li. #Rft7^<7PU>X(Dil47J[S]lrSl/^±IBcD^^Wr^5fea)^$^t* 
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zomtbotemzte^x % m2<nis>xmT<< y^—^itz^o^^yj^nzmu 
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